Box-and-Whisker diagrams
In Figures 5, 6 (a) and S2 we use a box-and-whisker diagram to represent the distribution of angles (cross and projection angles). In constructing these box-and-whisker diagrams we follow Frigge et al. 1 . The diagrams represent five important statistics of a distribution:
(1) The median (Q 2 ), represented by a thick horizontal line.
(2) The lower (Q 1 ) and upper (Q 3 ) quartiles, represented by the lower and upper edges of the box, respectively.
(3) The lowest data point within 1.5 IQR of the lower quartile and the highest data point within 1.5 IQR of the upper quartile, represented by the lower and upper whiskers, respectively. IQR = (Q 3 − Q 1 ) is the interquartile range.
This representation allows for an easy comparison between large sets of distributions.
Potential of Mean Force Calculations
In this work we obtain the potential of mean force (PMF) between several helix pairs. To that end we use the traditional umbrella sampling method 2 with a heavy-harmonic biasing potential. That is, we split the entire examined range into overlapping windows specified by a range (ξ 1 , ξ 2 ). The biasing potential for each window corresponds to:
Since we sample in the NP ⊥ γ T ensemble, in which the area constantly changes, we preform umbrella sampling in scaled units, i.e. ξ = r/L x where L x = L y is the instantaneous box-size along the plane of the membrane and r is the inter-helical distance. We simulate ξ values ranging from ξ min = 0.035 up to ξ max = 0.5 in windows of size ∆ξ = 0.006. For some helix pairs, containing super positive mismatched helices, a smaller ξ min = 0.029 is used, as these helices tend to approach closer to one another. In real units this roughly corresponds to range (8Å, 120Å) with windows of size ∼ 1.5Å. The biasing potential constant is set to K 50.
We simulate the system in each window for 20000 cycles. We then un-bias and combine the results of each window using the weighted histogram analysis method (WHAM) 3 to obtain the PMF. We normalize the results to account for the metric jacobian. We reiterate this procedure by adding the inverse of the PMF we obtained in the previous iteration to the biasing potential, until we obtain uniform sampling throughout the entire range. Finally we convert the scaled ξ coordinates to the reduced units by multiplying over by the average box-size: r = ξ · L x . Results for the Potential of Mean Force of all helix pairs, including error bars, are provided in Fig. S5 .
Importance of Helicity
This work explores the cross angle distribution of TM helices and finds that these are very close to the cross angle distribution of two vectors with pre-determined tilt angle distributions. It is therefore tempting to model TM helices as simple rods (or cylinders), and not resolve their helical nature. Yet this approach yields a non realistic configuration of packed peptides.
Non-Charged Cylinders We explored the cross angles of a cylindrical model identical to what is described by de Meyer et al. 4 . The peptide is modeled by seven bonded chains, each containing n tp hydrophobic beads at the core and 3 hydrophilic beads at each end. The radius of the cylinder is 6.8Å which corresponds to the radius of an α-helix and to the radius of our CG helical model. This cylindrical model of TM peptides was shown to produce realistic tilt angles 5 and a PMF similar in trends to the one observed here 4, 6 .
We have sampled the cross angle in homogeneous pairs of cylinders. The results for cross angle distribution in pairs of n tp = 4, 5, 8, 9 and 10 are presented in Fig. S2 . These chain lengths correspond to hydrophobic mismatch ∆d = −10.0Å, −5.5Å, 8.0Å, 12.6Å and 17.1Å, respectively. Pairs of n tp = 6, 7 (∆d = −1.0Å, 3.5Å) did not stay in a packed configuration and are therefore not presented. The results show that in all hydrophobic mismatches considered, the mean cross angle distribution was smaller than that of the helical model, averaging on only Ω ∼ 14.7 • . This behavior is in contrary to the cross angles typically observed in natural helices 7 , where Ω ∼ 32 • and can reach as high as Ω = 120 • . The cylinders tend to adopt a tight parallel configuration and not cross. Typical packed configurations are presented in Fig. S3(a) ,S3(b).
Charged Cylinders We expected the existence of a permanent dipole moment in α-helices to support a crossed configuration of the peptides, rather than a parallel one 8 . We therefore further modified the cylinder model to include partial charges. These charges were chosen to mimic the dipole moment in α-helices, which is a result of all carbonyl groups pointing in the direction of the helix major axis. To that end we added partial charges to beads in the cylindrical model (see Fig. S3(c) ). In DPD, soft repulsive forces are applied between the CG beads. There is therefore no explicit hard core interaction and special care needs to be taken when applying electrostatic forces to avoid divergence at zero distances. We followed the method developed by Groot 9 for adding electrostatics in DPD simulations, and use a smeared-out charge in the center of charged beads.
As we were interested in exploring the local effect of charges on the packing of a pair of peptides, we made some simplifications in our simulation. We applied charges only on a small set of beads along the surface of the cylinder model. We did not model charges on other system components such as water and lipid head groups as these are accounted for explicitly in the un-bonded interaction parameters of those beads 5 . Additionally, we did not account for interaction with the nearest image as we focused on the local interaction of peptides. We therefore calculated the force resulting in electrostatic interactions explicitly by adding the short range contribution. Furthermore, we have assumed that all charges interact through the hydrophobic membrane medium (dielectric constant ε = 2 as per Groot 9 ), and not screened through the water medium. This assumption represents the extreme case of stronger electrostatic interactions. Based on these simplifications, we are hesitant to say that this model captures the full effect of partial charges along the surface of the peptide. However, we do believe that we have captured the first-order effect of such charges and we don't expect our results to change qualitatively had we done more extensive changes.
We added partial charges along the surface of the cylinder model, in a helical manner (see Fig. S3 (c)).
The charges were added such that the total dipole of 0.5 electron charge 10, 11 is spread out along the surface of the helix. We sampled the cross angle distribution of homogenous pairs of charged cylinders with n tp = 5, 6, 8, 9 and 10. Charged cylinders with n tp = 4, 7 did not remain in packed configurations and were therefore not accounted for in cross angle distribution calculations. Results for these simulations are presented by the blue filled box-and-whisker diagrams in Fig. S2 . Even in the presence of partial charges the configuration of paired peptides remained roughly parallel. We observe a slight increase in the average cross angle to Ω ∼ 15.6 • , but cross angle values were still much lower than typical cross angles in natural TM helices. The configuration remained parallel, shifting the peptide surface such that positively partially charged beads of one peptide faced the negatively partially charged beads of the paired peptide.
Comparison to All-Atoms
To test the validity of our bonded interaction parameters, we compared the fluctuation in our model helix's length to that of a natural helix, simulated in a membrane environment using all atoms simulations. To that end we use the helix structure 1SPF, provided in the RCSB database 12 . We inserted the helix to a pre-equilibrated bilayer of DPPC lipids and preformed initial equilibration using the CHARMM-GUI program 13 . We then simulated the membrane embedded helix for a total of 5ns in the NP ⊥ γ T ensemble, and obtain a histogram of its natural length fluctuations. Ensemble parameters were chosen to match those in our CG simulation. These fluctuations in helix length were then compared to the length fluctuations of a CG helix of similar size (containing 27 residues). Results are presented in Fig. S4 .
We do not expect a perfect match between these distributions, for several reasons: 1. These are not identical helices; 2. The nature of CG models is such that finer structural details cannot be resolved, and so wider fluctuations are expected; and finally 3. The helix simulated in all-atom simulations included hydrophilic residues only on one end, while the CG model contains hydrophilic residues on both ends. Different driving forces for stretching and shrinking are therefore expected. Despite all these differences, we see a reasonable agreement in the distribution of helix length, with more flexibility in the CG helix model. The all-atoms helix length corresponds to H AA L = 35.7Å ± 0.54Å, while the coarse grained helix length corresponds to H CG L = 34.2Å ± 0.71Å. In Fig. S4 we present the deviations around the mean helix length for easier comparison.
Sampling
In order to avoid correlations between helix pairs configurations, we sample each helix pair system over 30 different copies. We are interested only in sampling packed configurations. We therefore initialize the position of helices to be close to each other (∼ 3.5 nm), such that dimerization occurs fast. The helices are also free to distant themselves from one another and configurations of non-packed helices are also observed. We sample cross angles only from time frames in which the helices are in contact (see main text).
We make sure sampling is sufficient in each system copy by observing sufficient fluctuations around a mean value throughout the simulation. We present an example for the time evolution of cross angles in three different system copies in Fig. S6 . These were obtain from helices with negative (−9Å, −9Å) mismatch. In these copies helices remained in contact through most of the simulation time. Table 2 Tilt angles of interacting helices. For each pair in Fig. 6 of the main text, we compare the helix average tilt angle when paired to another helix (Pair θ ≡ θ P ) to the helix average and standard deviation in tilt angle when isolated in the membrane (Single θ ≡ θ S , Single σ θ ≡ σ P θ , respectively). Based on the single helix distribution of tilt angles, we calculate the z-value of the observed mean tilt angle in the paired configuration
, i = 1, 2). We then obtain the scaled mean distance of the pair, Z = 1 2 (z 1 + z 2 ). This Z-Score provides a measurement of how likely is it, in units of standard deviation, that the tilt angles of helices in a pair were obtained from the single helix tilt angle distribution. Pair configurations where the tilt angle of each helix remains the same as when isolated correspond to small absolute value Z-score. Pair configurations where the tilt angle of each helix differs greatly from the single helix configuration correspond to large absolute value Z-score. Table 3 Natural super-positive mismatched helices. Natural helices with hydrophobic mismatch greater than 19Å are described by the PDB entry and chain they are present in, at a certain residue range. Helix hydrophobic length and hydrophobic mismatch are calculated following the analysis in Benjamini et al. 7 .
